I n t r o d u c t i o n
U n i l a t e r a l vocal cord p a r a l y s i s may r e s u l t i n severe voice insufficiency characterized by a weak and breathy voice, reduced coughing a b i l i t y and sametimes by a s p i r a t i o n problems. I n cases where voice therapy has not been successful, Teflon (Polytef p a s t e , trademark Ethicon /plytetrafluorethylene/) i n j e c t i o n has increasingly become t h e treatment o f choice. By t h i s method, Teflon is i n j e c t e d i n t h e paralyzed cord in order t o mom it to the midline s o that the functioning cord can meet it and c l o s e the g l o t t i s .
I n 1911, the G e m laryngologist W. Briinings described a method o f i n j e c t i n g p a r a f f i n in the paralyzed cord. The method was later abandoned since the p a r a f f i n produced e m b l i z a t i o n and p a r a f f i n o m . I n 1955, Arnold revived the i n t r a c o r d a l i n j e c t i o n technique, using an emulsion of c a r t i l a g e particles and since then experiments have been made w i t h various i n j e c t a b l e substances such as bone p s t e , tantalum (Arnold, 1961; LRwy, 1963) , s i l i c o n e (Rubin, 1965) , and Teflon particles i n a glycerin base (Arnold, 1962) . I n h i s comprehensive review of the literature on Teflon i n j e c t i o n , Ivbntgmry (1979) states that "Teflon had proven t o be w e l l t o l e ra t e d by human t i s s u e s " and that " t h e r e were no carcinogenic e f f e c t s of Teflon" (p. 647). I n Sweden, a special l i c e n s e t o use Teflonglycerin is required. Teflon-glycerin has been used by one of the present authors (HS) since 1968.
For the evaluation of the functional r e s u l t s of Teflon injec-I t i o n s e v e r a l techniques have been used, such as hiqh speed photography (von Leden, Yanagihara, & Werner-Kukuk, 1967) , tamgraphy ( I s s h i k i & Ishikawa, 1976) , acoustic a n a l y s i s by means of a spectrograph (Rontal, Rontal, & Fblnick, 1975) , and aerodynamic procedures (von Leden e t a l , 1967). H o w~v~~, the method of evaluation mst frequently used in c l i n i c a l m r k is t o simply l i s t e n t o preand postoperative recordings of the voice with regard to voice qual i t y and effectiveness. Trained voice t h e r a p i s t s are a b l e to make a both r e l i a b l e and v a l i d a n a l y s i s simply by l i s t e n i n g to a voice (H-berg, F r i t z e l l , Gauffin , Sundberg , & Wedin, 1 980a) . This is STL-QPSR 1 / 1 98 1 For 11 of the patients a diagnosis of recurrent laryngeal nerve paralysis was established with certainty, f o r three patients this was judged t o be a likely diagnosis, while the remaining tw patients had a paralysis of the X t h cranial. nerve, a s well a s other cranial nerve paralyses.
The most c m n cause of the paralysis was surgical trauma t o the recurrent laryngeal nerve (Table 11 -A-I) . The l e f t vocal cord was mst frequently involved (10/16). In 13 of the cases the position of the paralyzed cord was recorded. Of & s e t seven e r e paramsdian, tm mre par&ian-intermediate , and four were intermediate.
In the majority of the cases the paralvzed cord was bmed and i n same cases it was thinner than the i n t a c t cord. The duration of the paralysis ranged f r m 8 mnths to 25 years, with a mean of 5 years.
The standard treatiwnt of paralytic dysphonia a t our clinic is to begin with voice therapy. Thus, 12 of the patients had voice therapy before the injection. Severe hearing impairment o r a neurological disease were the main contraindications f o r voice therapy in the remaining four cases. T w of the patients has earlier been subjected to implantation of fascia o r cartilage w i t h no lasting e f f e c t
The f i n a l decision f o r Teflon injection was based upon lack of progress i n voice training and a paralyzed vocal cord with g l o t t a l closure insufficiency resulting i n breathy voice i n 12 patients and a weak but not breathy voice i n the remaining four patients. In order to alluw evaluation of the long term effects of the Teflon injection, the l a t e s t postoperative recording available for each p t i e n t was selected. The recordings had been made between 8 weeks and 3 years a f t e r the Teflon injection with a mean of somewhat less than one year. P e r c e p t u a l s c a l i n g The recordings were edited onto tm master listening tapes in random order, one tape for each sex. Ten experienced voice clinicians rated the speech sapples on a five-point, equalappearing interval scale of nine parameters of voice quality (with 4 representing a severe degree of abnormal voice quality and 0 representins absence of deviant quality), register w d pitch (Table 11- A-11) .
The clinicians listened t o each voice approximately five tinres.
This method of evaluation has been used in t m e a r l i e r studies of vocal dysfunction (Hamarberg e t a l , 1980a,b), in which 8 of the 10 judges i n the present experiment participated. In the earl i e r mrk listeners demonstrated t e s t t r e t e s t r e l i a b i l i t i e s between ,93 and .97. The 11 voice parameters in the present st* were selected with respect t o ass& correspondences t o physiological attributes of unilateral vocal cord paralysis. In a pilot study three of the judges were asked t o evaluate the voice sample of parallytic dysphonias by choosing relevant parameters out of the 26 parapeters used in our e a r l i e r study (Harmarberg e t a l , 1980b).
STL-QPSR 1 / 1 9 8 1 remaining injections, intubation, o r the jet-ventilation technique (Carden & Ferguson, 1973 ; S p r e l & Greenway, 1973) was used. Anatcarry permitting a K l e i n sasser microscope was used in conjunction with an operation microscope. By means of a Briiinqs' syrinqe t m portions of Teflon were usually deposited in the l a t e r a l part of the vocal fold, one somwhat anterior t o the mid p r t i o n of the Ilhembraneous part of the fold and the other l a t e r a l t o t h e vocal process of t h e arytenoid. The m u n t of Teflon was evaluated visually during the injection. Rapid developing e d m of the vocal
A fold often obscured t h e s i g h t and made it d i f f i c u l t t o determine
t h e exact m u n t of Teflon required. W e agree with mntgwnery (1978, p. 655) , who states that an estimate of the m u n t of Teflon of 1.00-1.50 cc probably mans that 0.75-1.00 cc of Teflon paste was actually retained i n t h e tissues. To minimize postinjection edema cortisone was given t o sane patients.
-.
Three patients required a second Teflon injection, one four m n t h s later and tw approximately three years l a t e r , because of insufficient g l o t t a l closure following the f i r s t injection.
A c o u s t i c a n a l y s i s at .
The LTAS analysis was performed with a 1/3 octave f i l t e r bank* sampled by a ccanputer. The LTAS of an acoustic signal shows t h e average energy l e v e l in each of 22 critical bands. The center fre--*. -quencies of the f i l t e r s cwer 20-10000 Hz. The f i l t e r bank outputs are converted t o a c r i t i c a l band scale, which is modelled in accor-( dance with t h e frequency analysis i n the human auditory system (see e.y., Scharf, 1970) .
A detailed description of the f i l t e r bank and camputer program together with a cchnparison with the f i l t e r bank used i n our previ-
ous studies is given i n Elenius (1980). The LTAS curves were eva- normally corresponding to the averaged overall sound pressure lwel (SPL) of the voice; further, the differences between L.q-.6 HZ, (2) the level of the fundamental (Lo), ( 3 ) the level at 1.5 kHz (~~-5 k13z), (4) at 5 kHz (L5 and (5) the peak level in the reqion 5-10 kHz (L5-i0 mz). These differences are represented in the diasram as Al, A 2 , A3, and A4, respectively.
The method of evaluating the LTAS-curves is not exactly the same as that reported previously (Hmrberg et a1 , 1980a, b) . Specifically, the filters in the 1/3 octave filterbank are not sloping as steeply as in the filterbank previously used, thus al-lowing the use of absolute levels at specific frequencies instead of peak levels within spcific frequency bands. 
*
The terminoloqy has been changed f r m earlier publications where the tern SPL was used instead of level ( L ) . The reason for this, is that in same cases of breathy voice, the level of the fundamental (Lo) may determine the sound pressure level. Thus, the tern SPL would be misleading (Cauffin & Sundberg, 1980) .
Fundamental frequency distribution a n a 9 s i s (F'FDAI- 
R e s u l t s a n d d i s c u s s i o n
Patients' own iudgemnts
Fifteen of the 16 patients reported t h a t t h e i r voices functioned b e t t e r a f t e r the Teflon injection than before. They were able to produce *ole sentences without interruption f o r breathing, and they could shout, laugh, and cough. Only one patient reported no imprwement.
STL-QPSR 1/1981
The results are demonstrated graphically i n Fig. 11 -A-2a-q, i n which a sample of the pre-and postoperative perceptual ratings of seven of the patients are displayed. Fig. 11-A-2a , b, c, and d, are examples of clearly improved voices ranking fram most hproveii (11-A-2a)
t o l e a s t improved (11-k2d). These four patients wre representative of the eleven perceptually improved patients. The mre effective g l o t t a l closure a f t e r Teflon injection is clearly reflected i n the diminished degree of breathiness and diplophonia and i n the normalized register and pitch functions, which before injection were characterized by uncontrolled changes from modal t o f a l s e t t o reaister. The effectiveness of the g l o t t a l closure aEter injection is also demnstrated by the f a c t that m y of the improved patients started to use vocal fry/creakiness i n phonation a f t e r injection ( Fig. 11 -A-2c and d ) ,
an a c t which they were simply not capable of before. Hyperfunctional voice quality was a l s o more c m n a f t e r injection than before.
One of the three perceptually unchanged voices is exemplified in Fig. 11 -A-2e.
This patient was a 75 year old wcanan, who did not improve despite extensive voice therapy both before and a f t e r the injection. The other tWO patients w i t h perceptually unchanqed voices a f t e r injection had severe hearinq loss and lonqstanding chronic laryngitis, respectively. One patient, 71 year old, was judged a s perceptually deteriorated a f t e r the injection. H e r voice b e c m more breathy, harsh, and unstable, even thouah the patient herself was s a t i s f i d w i t h the r e s u l t s (Fig. 11-A-2f ) . She had a long history of m a 1 dysfunction. Unilateral vocal cord paralysis had occurred 25 years earlier and approximately 20 years aqo she had cartilage implanted i n the paralyzed vocal cord, w i t h l i t t l e o r no improvement. One m n t h before Teflon injection she had a cyst of the ventricular fold excised resulting i n marked improvement of the voice.
A s can be seen f r m Table 11 -A-111, twelve patients had had preoperative voice therapy and eight a f t e r injection a s w e l l . Of the remaining four patients w i t h no voice therapy, three were markedly imp r m a f t e r injection. In order to evaluate the longstanding e f f e c t of Teflon injection we chose i n most cases the l a t e s t recording of each patient, which meant t h a t f o r eight patients t h i s was also a post voice therapy recording. Thus, f o r these eight patients it was not Teflon i n j e c t i o n were s i g n i f i c a n t l y d i f f e r e n t from zero, i.e., i f there is any s i g n i f i c a n t d i f f e r e n c e i n perceived voice c h a r a c t e r i s t i c s . * I n a comparison of pre-and p o s t i n j e c t i o n v a l u e s , t-test sh& a sign i f i c a n t decrease i n t h e following v a r i a b l e s : aphonia ( s i g n i f c a n t a t t h e .001 l e v e l ) , b r e a t h i n e s s and h y p f u n c t i o n (at the .O1 level.), and diplophonia and voice breaks ( a t the .05 level). On the o t h e r hand, there was an i n c r e a s e i n vocal fry/creakiness ( s i g n i f i c a n t a t t h e .05 l e v e l ) (Table 11 -A-IV) , c f . Fig. 11 -A-2 -3 3 . I n the remaining v a r ia b l e s , i.e., hyperfunction, grating/harsh and rough, t h e r e were no s i g n i f i c a n t changes.
The v a r i a b l e s o f r e g i s t e r and p i t c h were n o t subjected t o a t-test. One t h i r d of the p r e i n j e c t i o n voices had unstable p i t c h and r e g i s t e r breaks, one t h i r d had a higher p i t c h before than a f t e r i n j e c t i o n , and the last t h i r d had a normal o r smewhat low p i t c h before i n j e c t i o n .
After i n j e c t i o n , 12 of t h e 15 voices were rated as normal in register and p i t c h . P e r c e p t u a l q u a l i t y 1 Breathy 2 Aphonia 3 H w r f u n c t 4 wypofunct 5 D i~l o p h o n i a Comparison o f the perceived voice c h a r a c t e r i s t i c s before and a f t e r Teflon i n j e c t i o n (n = 1 5 ) .
, . i * Only 15 o f the 16 p a t i e n t s were included i n t h i s t-test. One o f the p a t i e n t s had t o be excluded f m the a c o u s t i c a n a l y s i s due to t e c h n i c a l shortccmings of the recordings.
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Acoustic measures
---------
The acoustic data extracted from the LTAS, FFIZA, and WP analyses were also subjected t o a t-test in order t o find out i f any of the acoustic measures had changed significantly after, the injection. The results gave the followina significant acoustic characteristics (Table   1 -A -: ( 1 ) i n the prein jection voices the level of the fundamental (Lo) was the highest peak in the spectrum, thus determining the sound pressure level, whereas (2) the peak level in the region .4-.6 kFTz was highest in the postinjection voices and (3) the level in the high frequency region of 5-10 kHz was higher in the preinjection voices (also a t the .05 level). The other acoustic measures of LTAS, mean Fo and waveform perturbation gave no significant differences between the preand postinjection voices.
Acoustic variables (of Fig. 11 -A-1 above) Results of the t-test of the differences of the acoustic measures b f o r e and a f t e r Teflon injection (n = 15).
Comprison betwen_perceptual and acoustic results

----------------------
There was good agreement between the acoustic LTAS analyses and the perceptual ratings, a s can be seen i f data given in Fig. 11-A-3a-b a r e canpared with Fig. 11-A-2a-g. Typical characteristics of preinjection LTAS were found in mst of the breathy and hypfunctional voices (dotted l i n e ) . This means hi* level of the fundamental (Lo) and low level of the region .4-.6 H z (L.4-.6 mz) , and high level i n the highest frequency band (5-10 kHz). The LTAS of the normalized voice a f t e r injection (Fig. 11 -A-3a-c) was generally characterized by ( 1 ) a level of the fundamental, which was 1-r than L.4-.6 mz, (2) L 4-6 mz was hi* i n level, and (3) a steep f a l l . . t o a law spectral level abaTe 5 kHz. Fig. 11 -A-3d pertains t o a d e r a t e l y improved voice (cf . Fig. 11-A-2d) . The gain i n overall sound pressure level a f t e r injection was most praminent. Note also the reduced level difference between the fundamental and L,4-.6 mz.
52.
The t w o LTAS:es campared in Fig. II -A-3e w r e i n accordance with the perceptual data ( Fig. II-A-2e) suggestinq an unchanged voice qual i t y a f t e r injection: the LTAS-curves before and a f t e r the injection are very similar. There is, however, a small gain i n sound pressure level a f t e r injection, which was in agreement with the f a c t t h a t the patient subjectively experienced an improved vocal function a f t e r injection; her impression was t h a t the voice was stronger than before. The tw LTAS-curves in Fig. II-A-3f pertains to a patient with a perceptually somewhat deteriorated voice a f t e r injection. The tm curves seem quite p a r a l l e l l , indicatinq no significant difference between before and a f t e r injection. It is t o It is interesting t o note how the perceptual findings r e l a t e t o the acoustic results. Therefore the correlations between the mean perceptual evaluations f o r each of the nine voice quality variables and the seven acoustic n-easures collected before and a f t e r injection from each of the 15 patients were calculated. The r e s u l t s were tabulated in a correlation matrix (Table II- 
The correlations confirm the findings above that the typical spectrum characteristics of the preinjection LTAS correspnd t o the breathy, aphonia, and hypofunctional qualities. .WO did not correl a t e i n a systematic way with any of the voice qualities. Register and pitch were excluded £ran the calculations because the voices rated a s unstable in f i v e of the fifteen patients could not be canparably evaluated. Interestingly, i n one of these five unstable voices the FFDA resulted in a bimdal distribution of the Fo. This agrees with the changes of about one octave of the fundamental.
One interesting r e s u l t of the correlation calculations was that waveform perturbation showed a significant correlation with roughness (r=.72). Roughness characterized both same of the pre-and pstinjection voices (cf. Table II-A-IV above). 
Conclusions
The results of this study demonstrate the effectiveness of Teflon injection as a method of voice restoration in paralytic dysphonia .
Judging from our perceptual and acoustic evaluations, Teflon injection was most successful in very breathy voices. In patients with only a slight degree of breathiness, Teflon injection often led to an "overtight", vocal fry typ of voice, sometimes with a rough quality.
In such patients caution must be used and it is suqqested that these patients be given postinjection voice therapy.
The typical voice characteristics in paralytic dysphonia were found to be breathiness, aphonia, hypofunction, diplophonia, and voice breaks. These characteristics w r e eliminated or diminished i n most of the patients after injection.
In the acoustic assessment of the results of therapy, systematic changes e r e found in the LTAS, which agreed tell with the perceptual data.
The results from the perceptual and acoustic analysis have to be weighed against the patient's own opinion on the results of the operation, and it should be pointed out that many patients reported an improved voice despite findings of perceived and registered deviant voice qualities postoperatively. The functional use of the voice is camplex.
In a study of therapeutic results of this kind different aspects must be considered. We have used an approach with perceptual analysis in cambination with acoustic measurements. However, an even more ccmplete understanding of the effects of Teflon injection in paralytic vocal folds wuld be obtained with data on the voice source behavior, as described by Fant (1979) and by Gauffin & Sundberg (19801, obtained by means of e.g. inverse filtering procedures or high speed phowaphy.
